We prove that the values of the electroweak mixing angle sin 2 θW and intermediate mass scale MI have vanishing contributions due to one-loop, two-loop and gravitational corrections in grand unified theories which accommodate an intermediate trinification symmetry (G333D) invoked with spontaneous D-parity mechanism operative at mass scale greater than MI . The proof of theorem is robust and we verify the results numerically using supersymmetric as well as non-supersymmetric version of E6-GUT.
tations sitting at/around GUT scale. Here it is noteworthy to mention that the stability of the intermediate mass scale and sin 2 θ W is essential for neutrino mass predictions through seesaw mechanism and other relevant observables phenomenology. In this conext, it has been shown earlier that there is cancellation [35, [38] [39] [40] of all corrections due to one-loop, two-loop, gravitational and threshold on intermediate mass scale and the electroweak mixing angle sin 2 θ W with a constraint that the intermediate symmetry is limited to Pati-Salam symmetry [2, 4, 6] invoked with D-parity [41, 42] . The results holds good for all GUT models with or without Supersymmetry.
In this letter, we aim to demonstrate that in a class of GUT models with or without SUSY, accommodating the intermediate trinification symmetry Proof:-In order to prove the theorem, we consider simple breking chain of a GUT model with intermediate trinification symmetry as
Here, D stands for D-parity known as discrete left-right symmetry. We mainly use E 6 ≡ G GUT in proving the theorem numerically, whereas G GUT can be any GUT model which can accommodate trinification gauge symmetry as highest intermediate symmetry.
The renormalization group equations (RGEs) [43] for evolution of gauge coupling constant g i (µ) of an intermediate gauge symmetry G i occurring in G GUT → G I → G SM as,
After simplification, the known analytic formula derived for one loop as well as two loop RGEs for inverse coupling constant valid from µ to the intermediate scale M (M can be of any scale > µ where new theory appears) as,
Here, α i = g 2 i /(4π), where g − i being the coupling constant for the i th gauge group.
The RGEs for evolution of gauge coupling constant in between the mass scale M Z and M I are given by
Here
is the two-loop beta coefficients derived for particle spectrum within mass range
in eq.(5) modifies the GUT scale boundary condition at µ = M U as, 
where α G is the GUT-coupling constant. Here it may be noted that the gravitational contribution is due to the higher dimensional operator given by
where Φ Φ Φ is the Higgs field responsible for breaking of the GUT symmetry G to G 333D .
Proof of Theorem on sin 2 θ W :-Using the standard procedutr the analytic formula for sin 2 θ W due to contributions arising from one-loop, two-loop and gravitational correction is given by
The first, second and third squared-bracketed terms in (11) are due to one-loop, two-loop and gravitational effects repspectively. Now in order to prove the theorem, we need to focus on each term separately.
• The one-loop contributions to the electroweak mixing angle sin 2 θ W is given by
Here the parameters A I , B I , A U and B U (as can be inferred from apendix) contains the one-loop effect at µ > M I . However in the first term is 3/8 as A U cancelled out in both numerator as well as in denominator. Second term completely vanishes as
as can be inferred from appendix), here we may note that B I has only one-loop effect at µ < M I . Thus the modified expression for sin 2 θ W is given by
which show that sin 2 θ W has vanishing contributions from one-loop effects emerging form µ > M I .
• The two-loop contributions to the electroweak mixing angle is given by
Now using the similar analysis as in case of oneloop, we can see taht the above expression reduces to
. This is quite natural in all GUT models with conserved D-parity. Thussin 2 θ W has vanishing contributions from two-loop effects emerging form µ > M I .
• The important gravitational contribution to sin 2 θ W is as follows,
Here we may note that for B U = 0, the second term vanishes identically. In the first term A U cancelled out from both numerator and denominator. Again
, which vanishes due to D-parity conservation. As a result of this, there is no effect of gravitational corrections at all to the electroweak mixing angle sin 2 θ W i.e, sin 2 θ W N RO = 0.
Proof of Theorem on intermediate mass scale M I :-
The analytic formula for intermediate mass scale M I due to one-loop, two-loop and gravitational corrections is read as,
Now in order to prove the theorem for intermediate mass scale, we study the expression term by term.
• One loop contribution to intermediate symmetry breaking scale read as,
Using the same logic as has been discussed in case of sin 2 θ W , for B U = 0, the above expression reduces to
Here the parameter D W D W D W contains experimentally measured values like sin 2 θ W , α em . B I has been already shown to be independent of one-loop effects at µ > M I , hence the proof of the theorem is natural to show the intermediate mass scale M I has vanishing contributions due to one-loop effect emerging from mass scale µ > M I .
• Similarly the two loop effect on M I is exhibited in the 2nd term of eqn (11) given as
Here for B U = 0 the expression reduces to
and B I are independent of two-loop contributions emerging from mass scale µ > M I .
• The gravitational correction for M I as noted in the 3rd term of eqn (11)is as follows,
Here again for B U = 0 and E 0 = 0, we see that
The proof of the theorem is independent of choice of particle content and thus, the proof is robust and can be generalized to both supersymmetric as well as non-supersymmetric version of grand unified theories that accommodates intermediate trinification symmetry (G 333D ).
We shall now show the stability of electroweak mixing angle sin 2 θ W and intermediate mass scale M I at µ > M in specific E 6 grand unified model with or without Supersymmetry. Predictions in SUSY-E 6 GUT:-We consider first the supersymmetric version of E 6 GUT with intermediate trinification symmetry as,
At first stage, SUSY-E 6 is broken down to the trinification gauge symmetry G 333D at unification scale M U by assigning non-zero vacuum expectation value (VEV) in the singlet direction (1, 1, 1) ⊂ 650 H ⊂ E 6 [44] which transforms even under D-parity. This singlet even under D-parity preserves the symmetry between left and right handed Higgs field. The next stage of symmetry breaking from G 333D to G SM is done by giving non-zero VEV to (1, 3, In the present case, the gravitational contribution will arrive from the VEV of the Higgs {650} ⊂ E 6 . We assign non-zero VEV to (1, 1, 1) ⊂ 650 H and we take the vacuum expectation value in the singlet direction as, Predictions in non-SUSY-E 6 GUT:-The non-SUSY version of E 6 GUT with intermediate trinification symmetry is given by
We case). We can see from the above results that the intermediate mass scale M I does not affected by the gravitational correction due to the 5-dimensional operator whereas the unification mass scale M U changes with different values of ǫ which is a measure of gravitational correction. The GUT gauge coupling constant depends on the gravitational effect while sin 2 θ W remains unaffected by the gravitational corrections i.e, when ǫ changes. Comment on GUT-Threshold corrections on sin 2 θ W and M I :-The proof presented here is applicable to vanishing contributions on sin 2 θ W and M I due to one-loop, two-loop and gravitational corrections. This proof can be generalized to show that there is no effect of GUT-threshold correction on these parameters arising from the mass scale µ > M I . In order to prove this, the SO(10) GUT has to be replaced by E 6 GUT and the intermediate Pati-Salam symmetry G 224D has to be replaced by trinification symmetry (G 333D ). The detailed proof is beyond the scope of this letter which is planned for a separate work. Conclusion:-We have proved an important theorem on vanishing contributions to the electroweak mixing angle sin 2 θ W and intermediate mass scale M I (equivalent to the scale at which the spontaneous breaking of the trinification gauge symmetry SU (3) C ⊗SU (3) L ⊗SU (3) R ⊗D occurs) have vanishing contributions due to one-loop, two-loop and gravitational corrections emerging from higher mass scales (µ > M I ) in a class of grand unified theories which accommodates trinification symmetry invoked with spontaneous D-parity mechanism. We have established the robustness of the proof by considering supersymmetric as well as non-supersymmetric version of super string inspired E 6 GUT for demonstration purpose.
We conclude that the origin behind these vanishing contributions to sin 2 θ W and intermediate mass scale (M I ) are primarily because of: (a) Grand unified theories like E 6 GUT that accommodates trinification symmetry as an intermediate breaking step. (b) Due to presence of discrete left-right symmetry (D-parity) and the implications of spontaneous D-parity breaking mechanism thereby gives simplified relations which helps in proving the theorem, (c) Due to key matching condition between gauge couplings, α −1
We already proved the theorem showing the remarkable property of E 6 GUT or all possible grand unified theories with G 333D trinification intermediate symmetry on vanishing contributions to the electroweak mixing angle sin 2 θ W and intermediate symmetry breaking scale M I due to one-loop, two-loop and gravitational corrections (even can be true for GUT-threshold corrections). The attempts have also been made to show that GUT threshold corrections arising out of super heavy masses or higher dimensional operators identically vanish on sin 2 θ W or the G 224D breaking scale within SO(10) models with G 224D Pati-Salam intermediate symmetry [2, 4, 6] and we rather carried out our analysis in E 6 GUT with G 333D intermediate trinification symmetry. We aim to derive all the necessary analytic formulas which have been used in the text for proof of the theorem. The simple symmetry breaking chain considered here with intermediate trinification symmetry is given by
respectively. We can deduce three key relations including one-loop, two-loop and gravitational corrections using equations (3),(4) and (5) as,
We used two more relations derived based on RGEs for the gauge coupling constants as,
Now using equations (3),(4) and (5) along with above relation A6 we obtain the following analytic formulas for intermediate mass scale, unification scale and sin 2 θ W as,
where the relevant parameters used in deriving all these key analytic formulas are as follows, E0 E0 E0 = (4 ǫ3L ǫ3L ǫ3L − 4 ǫ3R ǫ3R ǫ3R) (A14)
These parameters are characterstics of one-loop, two-loop and gravitational corrections to sin 2 θ W and intermediate mass scale while we focus on two of the parameters B I and B U , in most of times, in the analysis.
, the factor B U vanishes exactly and B I is independent of one-loop effects operative at mass scale µ > M I . Similarly, K Θ Θ ΘΘ ′ Θ ′ Θ ′ can be shown to be independent of two-loop effects emerging from mass scale µ > M I . However, it is found that the unification scale and inverse fine structure constant are fully dependent on these corrections.
